Introduction {#Sec1}
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Carpal tunnel syndrome is one of the most commonly encountered peripheral neuropathies in the upper extremity; it is defined as an entrapment syndrome of the median nerve at the wrist \[[@CR1]\]. While most cases are idiopathic, several extrinsic or intrinsic processes are responsible for the etiology of carpal tunnel syndrome; some of these processes are common while others are rare \[[@CR2], [@CR3]\]. While the carpal tunnel is thought to only contain tendons, ultrasound imaging shows that it might contain echogenic muscle bellies in addition to other components of the carpal tunnel. These aberrant structures most often appear as elongated, hypertrophic normal muscle bellies, which intrude into tunnel \[[@CR4]\]. There is a lack of literature describing the ultrasonographic occurrence of aberrant muscle bellies in carpal tunnel, while other anatomical variations, such as bifurcated median nerves and persistent median arteries, have been previously reported several times \[[@CR4]\]. In patients with an aberrant muscle belly in the carpal tunnel, the tunnel becomes more crowded, which can lead to entrapment of the median nerve. Few studies have reported on the abnormal appearance of the palmaris longus, the flexor digitorum superficialis, and the lumbrical muscles, or aberrant muscles, such as the palmaris profundus and the accessory palmaris longus. Hypertrophy of these muscles that cause carpal tunnel syndrome have been demonstrated in manual laborers \[[@CR2]\]. In this paper, we present a case of carpal tunnel syndrome due to hypertrophy of the flexor digitorum superficialis of index finger in a patient with spinal cord injury who is a wheelchair basketball player.
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A 43-year-old man with T10 incomplete, ASIA Impairment Scale (AIS) C, patient with paraplegia who is a wheelchair basketball player presented to our electrodiagnostic laboratory with complaints of bilateral hand numbness after intensive training for a local veteran wheelchair basketball tournament. Previously, the patient had undergone carpal tunnel release but he reported that he did not gain complete relief from symptoms. Motor nerve conduction studies of the median nerve revealed evident prolonged distal latency. Right sensory nerve conduction study showed prolonged latency and delayed conduction velocity while left median sensory nerve action potential could not be elicited. The nerve conduction study findings were compatible to right-sided moderate and left-sided severe neurophysiological carpal tunnel syndrome. Ultrasonographic assessment of left carpal tunnel revealed the presence of abnormal muscle in the carpal tunnel (Fig. [1](#Fig1){ref-type="fig"}). The hypoechoic muscle belly next to the median nerve was detected on a static image of the carpal tunnel on the transvers plane at the pisiform bone level. The muscle belly was traced to the forearm, and it was identified as the flexor digitorum. Dynamic imaging was used to identify the muscle. While taking dynamic images of the carpal tunnel at the pisiform level, the patient's fingers were flexed, separately. Dynamic entrapment of the median nerve with the flexion of the index finger was viewed (see the Supplementary material). The patient was advised for rest and splinting and was referred to surgeon for revision surgery.Fig. 1Aberrant muscle belly of flexor digitorum superficialis of the index finger (arrowhead) is present next to median nerve (arrow)
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Carpal tunnel syndrome is an important cause of wrist and hand pain and functional impairment in the general population, and also in individuals with spinal cord injury who use a wheelchair. It has been demonstrated that 49--73% of individuals with spinal cord injury who use manual wheelchairs have carpal tunnel syndrome \[[@CR5]\]. Older age, female gender, increased weight, and greater body mass index (BMI) are found to be risk factors for carpal tunnel syndrome \[[@CR5]\]. Besides these risk factors, repetitive weight-bearing and mobility activities, which are specific to wheelchair use contribute to increased risk of development of carpal tunnel syndrome \[[@CR5]\]. Previously, in two studies the carpal tunnel was evaluated ultrasonographically. Kim et al. \[[@CR6]\] investigated the contributing factors of carpal tunnel syndrome electrodiagnostic and ultrasonographic findings of the median nerve. They found that median nerve swelling increased after wheelchair propulsion exercise. However, Abe et al. \[[@CR7]\] did not find differences between persons with and without a disability in terms of the cross-sectional area of median nerve ultrasonographic measurements. However, both of the studies concentrated on median nerve cross-sectional area measurements rather than assessment of anatomical structures within the tunnel. Aberrant muscles have been reported to be a cause of recurrence after initial classical carpal tunnel release \[[@CR1], [@CR8]\]. The individual in this case had also undergone surgery and had persistent symptoms. Another causative factor for development of carpal tunnel syndrome in this case is the possible hypertrophy of the flexor digitorum muscle hypertrophy and intrusion due to intensive repetitive movements of the wrist. Cartwright et al. \[[@CR9]\] investigated if muscle protrusion is a possible cause of carpal tunnel syndrome. They included 513 manual laborers and investigated the relationship between muscle protrusion and carpal tunnel syndrome. They found that muscle in carpal tunnel existed in all of the patients who were diagnosed with carpal tunnel syndrome while 90.9% of patients who were not diagnosed with carpal tunnel syndrome also had muscle intrusion. Their results support the cause of carpal tunnel syndrome in the present case. Individuals who repetitively use their hands may develop muscle protrusion into carpal tunnel due to hypertrophy resulting in carpal tunnel syndrome.

No definite curative treatment exists for carpal tunnel syndrome due to abberant muscles. Surgical treatments including open release of carpal tunnel with partial synovectomy around the flexor tendons, simple release of the muscle belly, debulking of muscle belly with maintaining integrity of the tendon itself were attempted. Entrapment symptoms disappeared immediately after the surgery and also there had been no recurrence of the symptoms during follow-up \[[@CR1], [@CR8], [@CR10]\].

A thorough medical history, physical examination, and electrodiagnostic studies are helpful for diagnosing carpal tunnel syndrome. Additionally, ultrasonography enables rapid imaging of the carpal tunnel anatomy and live visualization of dynamic changes within the carpal tunnel. Preservation of upper limb function is essential in individuals with spinal cord injury because it is crucial for functional independence. Therefore, it is important to determine the etiology of carpal tunnel syndrome. To the best of our knowledge, this is the first report of hypertrophy of the flexor digitorum muscle as a cause of carpal tunnel syndrome in a patient with spinal cord injury. Further studies investigating the prevalence and the role of aberrant muscles in the etiology of carpal tunnel syndrome in individuals with spinal cord injury should be conducted.
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